BACKGROUND: Sepsis is still the leading cause of death in the intensive care unit. Our goal was to elucidate potential early differences in serum between survivors (SURV) and non-survivors (NON-SURV) on day 28. METHODS: We applied proteomic technology to serum samples of patients with sepsis and septic shock. Serum samples from 18 patients with sepsis and septic shock were obtained during the first 12 h after diagnosis of septic shock. Patients were grouped into SURV and NON-SURV on day 28. RESULTS: Seven patients survived and 11 patients died. Using proteome analysis, two-dimensional gel electrophoresis detected more than 200 spots per gel. A differential protein expression was discovered between SURV and NON-SURV, whereby protein alterations not yet described in sepsis were revealed. CONCLUSIONS: Our results show that proteomic profiling is a useful approach for detecting protein expression dynamics in septic patients, and may bring us closer to achieving a comprehensive molecular profiling compared with genetic studies alone.
Sepsi s is the leading cause of mortality in intensive care units (ICU). Mortality due to sepsis has decreased in the past decade. Nevertheless, the overall number of sepsis-related deaths, compared with other deaths in the ICU, has increased because the incidence of sepsis has increased (1) . Several studies have suggested that the presence of specific genetic polymorphism during sepsis can predict the patient's outcome (2) . Other studies have used microarray technology to compare gene expression levels after endotoxin administration (3). However, gene expression studies cannot accurately predict the structure or dynamics of respective proteins. The RNA patterns do not reflect the proteomic pattern well (4, 5) , as it is the proteomic pattern where many regulatory processes, e.g., posttranslational modifications, take place (6) .
Proteome analysis can be regarded as a peptide screening approach aiming to document the overall distribution of proteins in cells, organs, or other samples, to identify and characterize individual proteins of interest, and, finally, to elucidate their interactions and roles in cell function. Compared with the genomic microarray technique, the proteomic approach has the advantage of being able to detect previously unknown proteins, whereas microarrays allow only measurement of genes that are already defined. We therefore applied proteomic methods to investigate early protein profiles in patients with sepsis and septic shock, and to discover possible differences between survivors (SURV) and nonsurvivors (NON-SURV).
METHODS

Patients
Eighteen patients (10 men and 8 women; mean age 65.2 Ϯ 11.8 yr) with putative sepsis and septic shock were prospectively enrolled in the study. Exclusion criteria were pregnancy, age Ͻ18 yr, cardiopulmonary resuscitation within the 72 h before the study, presence of an advanced directive to withhold or withdraw life-sustaining treatment, and the administration of corticosteroids or activated protein C.
Patient data were recorded at the time of diagnosis of septic shock, and consisted of age, sex, APACHE II score, and SOFA score. Specimens for the diagnosis of infection were obtained as early as possible. Patients were followed up until day 28 either in the ICU or in the units to which they were transferred. This study was approved by the Ethics Committee of our institution, and informed consent was obtained from all patients or their relatives.
Samples
Blood samples were obtained from an arterial catheter during the first 12 h after diagnosis of septic shock, or after the operation in the control group. Samples were allowed to clot at room temperature and were centrifuged at 1500g for 10 min. Separated serum was stored at Ϫ80°C until further analysis. Blood samples from five nonsepsis patients who underwent elective intraabdominal operations were used to create the reference gel.
Two-Dimensional Gel Electrophoresis
We performed two-dimensional gel electrophoresis as previously described in detail (7) . Briefly, we applied serum samples to an albumin/IgG removal kit following the manufacturer's protocol (Proteo Extract TM Albumin/IgG Removal Kit, Calbiochem, La Jolla, CA), as these high-abundance proteins tend to mask those of lower abundance (6) . Next, the protein content in the eluate was determined (8) . We diluted 100 g of the albumin-and IgG-depleted samples 1:4 with ice-cold ethanol for protein precipitation. After 2 h at Ϫ20°C the mixture was centrifuged at 10,000g, 4°C for 10 min. The supernatants were carefully removed and the pellets were air dried. The pellets were resuspended in 20 L of 2.5% SDS, 2.3% DTT, and heated at 95°C for 5 min. After the diluted samples were dissolved in sample buffer (Destreak Solution TM , GE Healthcare, Chalfont St. Giles, UK), they were applied to pH 3-10 nonlinear IPG strips (Immobiline DryStrips pH 3-10 NL, 18 cm, GE Healthcare) for the first dimension. After 12 h of rehydrating at 30 V, voltage was increased to 500 and 1000 V for 1 h each and then gradually increased to 8000 V within 1 h, where it was kept constant for 12 h.
For the second dimension, we used 12.5% nonlinear polyacrylamide gels in the presence of 10% sodium dodecylsulfate. The gels were subjected to a watercooled electrophoresis apparatus at 30 mA for 30 min and 100 mA for approximately 4 h. Each sample was run in triplicate to minimize inter-gel variability (9) .
Image Analysis
For image analysis, gels were silver stained and matched to a reference gel developed from the pooled sera from the control group. Gels were digitized and images were analyzed using the Phoretix 2D Expression software (Nonlinear Dynamics, Newcastle-upon-Tyne, UK). Specific spots, representing a specific protein, in each gel were matched to a corresponding spot in a reference gel. Normalized spot volumes were generated from the optical densities for each individual spot to the ratio of the spot volumes total in each gel.
Statistical Analysis
We compared the corresponding normalized spot volumes of each single spot between SURV and NON-SURV using analysis of variance. A P value Ͻ0.01 was considered statistically significant. Only changes of more than two-fold in the expression factor in at least one group were considered as statistically significant.
Mass Spectrometry
For spot identification, gels with 250 g protein load were stained with colloidal Coomassie blue and matched to the silver-stained reference gel. The spots of interest were excised, digested in the gel by trypsin, and subjected to matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) at the Center for Molecular Medicine (University of Cologne, Cologne, Germany). Bioinformatic data mining was performed using the Mascot platform (http:// www.matrixscience.com). A Mascot score more than 63 (P Ͻ 0.05) was considered statistically significant (10) .
RESULTS
Baseline characteristics in both groups are illustrated in Table 1 . Seventeen patients with intraabdominal infection were operated on, and one patient with pyelonephritis was treated with an interventional procedure. In all patients, infection could be confirmed by microbiological studies (Table 1) . Initial antibiotic treatment was appropriate in all patients. The patients were divided into two groups, SURV and NON-SURV, at day 28. More than 200 spots could be detected per gel. Seven protein spots were differentially expressed between SURV and NON-SURV, six of which could be identified by mass spectrometry (Table 2) . Clustering was identified in two spots, possibly reflecting two isoforms of the protein. Expression factors of the six differentially expressed spots ranged from 0.4 (a down-regulation of 2.5-fold) to 26.5 (an up-regulation of 26.5-fold) in comparison to the control group.
DISCUSSION
Our study yields two major results. First, proteome analysis is a feasible tool to exclude early alterations in protein expression in patients with septic shock. Second, there are specific protein alterations between SURV and NON-SURV at day 28 in an early stage of septic shock.
All samples were obtained within the first 12 h after diagnosis of septic shock, whereby the early stage of sepsis revealed significant differences in protein expression in patients having survived sepsis and septic shock in comparison with NON-SURV (Fig. 1) .
Six differentially expressed spots could be identified. The Bb Segment of Factor B (spot no. 308, spot no. 320), a member of the alternative pathway of the complement system, provides a first-line defense against infection. Factor B is required for the initiation Vol. 103, No. 6, December 2006 of this pathway and is a cofactor in antibodyindependent monocyte-mediated cytotoxicity (11), macrophage spreading, activation of plasminogen (12) , and proliferation of B lymphocytes (13) . In our study, SURV exhibited a stronger activation of proteins involved in this pathway (spot no. 308, spot no. 320) than NON-SURV. It may be speculated that there is a more competent immune reaction in SURV.
␣-1-B-Glycoprotein (spot no. 447) was up-regulated to a greater extent in NON-SURV than in SURV as compared with control. It is a member of the immunoglobulin superfamily and a known plasma protein, whereas its biological function is still not fully known.
Haptoglobin (spot no. 641), an acute phase protein with known genetic polymorphism, demonstrates increased protein levels in inflammation, infection, and cancer (14) . Haptoglobin acts as a potent antiinflammatory agent (14) . Haptoglobin extenuated lipopolysaccharideinduced inflammation from human monocytes, and has been shown to have antiendotoxic effects in vivo (15) . The higher up-regulation of haptoglobin in SURV related to a possible more competent immune reaction needs further investigation.
Clusterin (spot no. 660, spot no. 662) is a multifaceted glycoprotein (16) . It is synthesized in many tissues and serves multiple functions (17,18). The Causes and timing of death in non-survivors (NON-SURV) are listed. Some patients carried more than one pathogen leading to infection. MOF ϭ multiorgan failure; Shock: refractory septic shock. The respective Mascot scores, number of peptides searched and matched, percentages of sequence coverage, the assumed biological functions, and expression factors (EF) are also presented. EF were established as the ratio of mean normalized spot volumes in relation to the control group.
predominant hypothesis on the functional role of clusterin is that it is involved in the cellular clearance of toxic substances through its ability to bind to unfolded proteins, cell debris, and immune complexes. We identified clusterin in two spots (Fig. 1) , reflecting the ability of a proteome approach to separate proteins with possible posttranslational modifications. Clusterin was highly up-regulated in SURV, with expression factors of 26.5 and 14.9, whereas NON-SURV exhibited only up-regulation levels of 3.1 and 5.9. In acute meningococcal sepsis, clusterin concentrations in plasma were lower in NON-SURV than in SURV (19) . Clusterin is potentially protective in leukocyte-induced acute lung injury (20) . The mechanism of beneficial effects of higher clusterin concentrations, however, needs further evaluation.
Our study is preliminary, and therefore has several limitations. First, because of the small number of patients, we could not compare plasma profiles from patients of the same gender, which may be of interest. Second, serum proteins often serve as a source for biomarker discovery, especially with a screening method like proteomics. Although a prefractionation step such as the one applied with the albumin and IgG removal kit can assist in the detection of less abundant proteins (6) ; this procedure may also have eliminated other proteins, including cytokines (21) . Therefore, the reported data are only a section of the potentially analyzable blood sample. In further studies, other components of the blood, such as leukocytes, may as well be analyzed by the proteome approach. Figure 1 . Typical two-dimensional protein map of serum. Protein separation was performed with immobilized nonlinear pH 3-10 gradient IPG strips (horizontal arrow) and subsequent SDS-PAGE in a 12.5% matrix (vertical arrow shows the direction of a decrease in molecular weight [MW]) followed by silver staining. Spots marked by their numbers show the location of the proteins, which were differentially expressed between SURV and NON-SURV (Table 2) .
Gel-electrophoresis and MALDI-TOF-MS have been used successfully to characterize proteins in a complex mixture. This quantitative approach allowed us to find several proteins of potential interest. The next step could be to use a more quantitative technique, such as ELISA, for the specific proteins differentially expressed in the proteomic approach and their specific role in sepsis.
In conclusion, we here provide the first serum proteome analysis of patients with sepsis and septic shock. Several proteins were found to be differentially expressed in SURV and NON-SURV. The proteins identified in this study are members of inflammation and cytoprotective signaling pathways. Further studies are needed to examine their potential roles as predictive outcome markers, as well as their precise functional roles in sepsis. This study shows that proteomics may be a useful approach in closing the gap towards a comprehensive molecular profiling as compared with genetic studies alone.
